Over the past few decades, borate materials have attracted increasing interest owing to their promising applications in non-linear optical materials, birefringent materials, ferroelectric and piezoelectric materials, and host materials for luminescence (Becker, 1998; Chen et al., 1999) . In general, boron atoms can be coordinated by either three or four oxygen atoms forming BO 3 or BO 4 groups, respectively. These groups may interconnect with each other via common oxygen atoms to produce polyborate anionic groups that can adopt different coordination modes to bind to metal cations. The crystal chemistry of the resultant borates is rich, including infinite chains, sheets or networks for the anionic groups. For instance, in a series of pentaborates with general composition A 3 MB 5 O 10 (A = Na, K; M = Mg, Zn, Cd, Co, and Fe), at least three kinds of structure types have been reported, including K 2 NaZnB 5 O 10 in space group C2/c (Chen et al., 2010), -Na 3 ZnB 5 O 10 , Na 3 CoB 5 O 10 and K 3 MB 5 O 10 (M = Zn, Cd) in space group P2 1 /n (Chen et al., 2007a; Strauss et al., 2016; Yu et al., 2011) , and -Na 3 ZnB 5 O 10 as well as Na 3 MB 5 O 10 (M = Mg, Fe) in space group Pbca (Chen et al., 2007b Strauss et al., 2016 5À groups through sharing all of the terminal O atoms, thus forming infinite sheets with an overall composition of [(Zn/Cd)B 5 O 10 ] n 3nÀ , as depicted in Fig. 2 . The symmetry-equivalent (zinc/cadmium) borate sheets propagate in the ab plane and stack along the c axis. The sheets also afford intersecting open channels running parallel to the a-and b-axis directions. Fig. 3 shows a projection of the structure along [100]. Na2 + cations reside in these channels and Na1 + and Na3 + cations are situated at the voids between the sheets to provide charge compensation. The crystal structure of Na 3 Zn 0.912 Cd 0.088 B 5 O 10 projected along [100]. Na1 atoms: violet spheres; Na2 atoms: blue spheres; Na3 atoms: grey spheres; (Zn/Cd) atoms: green spheres; BO 3 groups: navy triangles; BO 4 groups: magenta tetrahedra. 
Chemical context
Over the past few decades, borate materials have attracted increasing interest owing to their promising applications in non-linear optical materials, birefringent materials, ferroelectric and piezoelectric materials, and host materials for luminescence (Becker, 1998; Chen et al., 1999) . In general, boron atoms can be coordinated by either three or four oxygen atoms forming BO 3 or BO 4 groups, respectively. These groups may interconnect with each other via common oxygen atoms to produce polyborate anionic groups that can adopt different coordination modes to bind to metal cations. The crystal chemistry of the resultant borates is rich, including infinite chains, sheets or networks for the anionic groups. For instance, in a series of pentaborates with general composition A 3 MB 5 O 10 (A = Na, K; M = Mg, Zn, Cd, Co, and Fe), at least three kinds of structure types have been reported, including K 2 NaZnB 5 O 10 in space group C2/c (Chen et al., 2010) , -Na 3 ZnB 5 O 10 , Na 3 CoB 5 O 10 and K 3 MB 5 O 10 (M = Zn, Cd) in space group P2 1 /n (Chen et al., 2007a; Strauss et al., 2016; Yu et al., 2011) , and -Na 3 ZnB 5 O 10 as well as Na 3 MB 5 O 10 (M = Mg, Fe) in space group Pbca (Chen et al., 2007b Strauss et al., 2016 group has one BO 4 tetrahedron (T) and four BO 3 triangles (Á) condensed to a double ring via a common tetrahedron, the connectivity of which can be formulated as 4Á1T:<2ÁT> À <2ÁT> according to the nomenclature introduced by Burns et al. (1995 5À groups through sharing all of the terminal O atoms, thus forming infinite sheets with an overall composition of [(Zn/Cd)B 5 O 10 ] n 3nÀ , as depicted in Fig. 2 . The symmetry-equivalent (zinc/cadmium) borate sheets propagate in the ab plane and stack along the c axis. The sheets also afford intersecting open channels running parallel to the a-and b-axis directions. Fig. 3 shows a projection of the structure along [100] . Na2 + cations reside in these channels and Na1 + and Na3 + cations are situated at the voids between the sheets to provide charge compensation. The crystal structure of Na 3 Zn 0.912 Cd 0.088 B 5 O 10 projected along [100] . Na1 atoms: violet spheres; Na2 atoms: blue spheres; Na3 atoms: grey spheres; (Zn/Cd) atoms: green spheres; BO 3 groups: navy triangles; BO 4 groups: magenta tetrahedra.
The asymmetric unit of Na 3 Zn 0.912 Cd 0.088 B 5 O 10 comprises 19 independent sites, i.e. three Na, one disordered (Zn/Cd), five B, and ten O sites, all occupying general positions. Of the three unique Na sites, Na1 is surrounded by seven O atoms with Na-O distances divided into two sets: a set of five short ones is in the range 2.310 (3)-2.700 (3) Å , while another set includes two longer separations [3.054 (3)-3.059 (3) Å , Table 1 ]. Bond-valence-sum (BVS) calculations using Brown's formula (Brown & Altermatt, 1985) gave a BVS value of 0.89 valence units (v.u.) for the seven-coordinated Na1 cation, confirming that the long bonds participate in the overall metal coordination sphere. The coordination environment can be described as an irregular polyhedron. Similarly, Na2 and Na3 atoms have also adopted the seven-coordinated irregular polyhedral arrangement. This is different from the situation in monoclinic -Na 3 ZnB 5 O 10 , where three distinct Na sites have coordination numbers of six, seven, and eight, respectively (Chen et al., 2007a) . In the Na 3 Zn 0.912 Cd 0.088 B 5 O 10 structure, the Na-O distances fall in the range 2.273 (3)-3.059 (3) Å (average range for the three sites 2.553-2.657 Å ), which is similar to the value reported for the seven-coordinated Na + cation in -Na 3 ZnB 5 O 10 [2.318 (2)-2.859 (3) Å , average 2.531 Å ] (Chen et al., 2007a) , and in agreement with the value of 2.50 Å computed from crystal radii sums for seven-coordinated Na + and four-coordinated O 2À ions (Shannon, 1976 (Yuan et al., 2005) . Of the boron sites, B3 has a tetrahedral configuration, while other B sites are in triangular configurations. The BO 4 and BO 3 groups are rather regular, with average O-B-O angles being close to 109.5 or 120 , respectively. The B-O bond lengths in the tetrahedron cover the range between 1.467 (4) and 1.472 (4) Å , and those in the triangles between 1.305 (5) and 1.407 (4) Å . The average B-O bond lengths (1.469 Å and 1.366-1.373 Å , respectively) are in good agreement with the data reviewed by Hawthorne et al. (1996) (Shannon, 1976) .
As mentioned above, Na 3 ZnB 5 O 10 was reported to exist in two structural variants, which we name in the following theand -phases, respectively. The -form crystallizes in space group P2 1 /n, while the -form in space group Pbca (Chen et al., 2007a . The relationship between their crystal structures follows a group-subgroup relation: -Na 3 ZnB 5 O 10 (Pbca, a, b, c, Z = 8) ! -Na 3 ZnB 5 O 10 (P2 1 /n, which is a maximal non-isomorphic subgroup of index 2 of Pbca, 0.5a + 0.5b, c, 0.5a À 0.5b, Z = 4). -Na 3 ZnB 5 O 10 is isotypic with Na 3 MB 5 O 10 (M = Mg, Fe), and the title compounds which are substitutional solid solutions of -Na 
Synthesis and crystallization
In a typical synthesis of the cadmium-containing compound, a powder mixture of the starting materials Na 2 B 4 O 7 Á10H 2 O, ZnO, CdO, H 3 BO 3 in the molar ratio Na:Zn:Cd:B = 3:2:1:7 was transferred to a platinum crucible of 40 mm in diameter and 40 mm in height. The sample was melted at 1023 K for one week, then cooled down to 773 K at a rate of 0.5 K h À1 , to 573 K at 1.0 K h
À1
, followed by cooling to room temperature at 20 K h
. Colourless prismatic crystals were isolated from the solidified melt. Energy-dispersive X-ray analyses (EDX) in a scanning electron microscope confirmed the existence of the heavy elements zinc and cadmium with an approximate atomic ratio of 8.2:1.5, close to the refined composition of the crystal (9.12: 0.88) (see Table  S2 ). This may be due to the fact that the Mg-peak in the EDX spectrum is very close to the main peak of Zn, which leads the calculations of the integrated intensities of the Zn and Mg peaks to be inaccurate, consequently producing an inaccurate Zn/Mg atomic ratio. The powder X-ray diffraction pattern of the ground crystals are in good agreement with those calculated from the single-crystal data.
The infrared spectra exhibit the characteristic absorption bands of both BO 3 and BO 4 groups for Na 3 . These values correspond well to those reported in the literature (Filatov et al., 2004 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . Based on the EDX measurements, cadmium and magnesium, respectively, was incorporated in the crystals. In fact, refinements of the occupancies of the zinc sites in the two structures revealed a small incorporation of cadmium and a somewhat higher incorporation of magnesium, respectively. For the final models, the occupancies of the disordered M sites (M = Zn, Cd and Zn, Mg, respectively) were constrained to 1.0, with the same coordinates and displacement parameters for the two types of metals. The refined ratios were Zn 0.912 (4) (Sheldrick, 2015) ; molecular graphics: ATOMS (Dowty, 1999) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
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Trisodium zinc cadmium pentaborate (I)
Crystal data Extinction correction: SHELXL2014 (Sheldrick, 2015) , Fc
Extinction coefficient: 0.00127 (16)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (10) O8-B5-Na3 (7) B3-O2-Na2 xiv 100.66 (18) O10-Na2-Cd1 ii 152.26 (7) B1-O2-Na3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 58 .00 (7) O10-B5-Na2 69.6 (2) O6
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
iii -Na2-Zn1 ii 64.38 (7) O7-B5-Na2 124.6 (3) O10
ii -Na2-Zn1 ii 36.50 (7) O8-B5-Na2 75.5 (2) O6 vi -Na2-Zn1 
